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A structural classification system based on the performance 
of woody plants in various height classes was developed for 
the vegetation of the Manyeleti Game Reserve. A new 
criterion, performance value, calculated from relative canopy 
cover and relative density of woody plants in the distin-
guished height classes, forms the basis for the classifica-
tion. Objective techniques, namely, a Cluster Analysis and a 
Principal Components Analysis were applied to the perfor-
mance value data and from the results a system of classifi -
cation was derived. Eighteen structural vegetation types are 
identified and described for the Manyeleti Game Reserve. 
The Performance Value System is furthermore compared 
with two other recent classification systems. 
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'n Strukturele klassifikasiestelsel wat op die prestasie van 
houtagtige plante in verskillende hoogteklasse gebaseer is, 
is vir die plantegroei van die Manyeleti-wildtuin ontwikkel. 'n 
Nuwe kriterium, naamlik prestasiewaarde, wat uit relatiewe 
kroonbedekking en relatiewe digtheid van houtagtige plante 
in die onderskeie hoogteklasse bereken word, word as basis 
vir die klassifikasie gebruik. Objektiewe tegnieke, naamlik 'n 
groeperingsanalise en 'n hoofkomponente-analise, is op die 
prestasiewaarde data uitgevoer en uit die resultate is 'n 
klassifikasiestelsel opgestel. Agtien strukturele plantegroei-
tipes is vir die Manyeleti-wildtuin ge"identifiseer en beskryf. 
Die resultate van die prestasiewaardestelsel word met twee 
ander onlangse klassifikasiestelsels vergelyk. 
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Introduction 
Floristic classification of vegetation forms the framework of 
detailed, regional as well as local, plant ecological studies 
(Westhoff & Van der Maarel 1978). However, data on vege-
tation structure, for example percentage cover of the distin-
guished strata, are often also used to enable a structural 
description of the floristically determined plant communi-
ties. This approach has been applied in South Africa by inter 
alia Werger (1973), Bredenkamp (1975), Bredenkamp & 
Theron (1978, 1980), Van Rooyen (1978) and Van Rooyen et 
a!. (1981a, b & c). 
Originally, the concept of the floristically uniform plant 
community (association) also implied a structural uniformity 
(Werger 1974; Westhoff & Vander Maarel 1978). Examples 
are, however, known of structural differences within associa-
tions or higher syntaxa (e.g. Barkman 1958). In the Bushveld 
vegetation of southern Africa (Werger & Coetzee 1978) ex-
treme environmental conditions such as overgrazing and veld 
burning (Werger 1977a, b & c) often cause considerable struc-
tural heterogeneity within floristically homogeneous plant 
communities (e.g. Van Rooyen 1978; Van Rooyen eta!. 1981b 
& c; VanderMeulen 1979; VanderMeulen & Westfall1980; 
Bredenkamp & Theron 1980; Bredenkamp 1982). In Europe, 
the use of structural criteria in floristic-sociological classifi-
cations has been attempted and various suggestions for an 
integration of floristic and physiognomic systems have been 
put forward (e.g. Doing 1962; Passarge 1966). Beard (1978) 
suggested that a desirable goal for the future should be 'the 
marrying of the two approaches into a single system of clas-
sification wherein floristic units are combined by their struc-
ture into physiognomic units' . He furthermore emphasized 
that a floristic treatment of vegetation may, even in intensive 
local research, be combined with a structural treatment. 
In Bushveld vegetation a classification based on woody 
vegetation structure in addition to a floristic classification 
may have several advantages in that: 
(i) The influence of woody vegetation structure on the dis-
tribution pattern of game animals may be investigated 
(e.g. results of Ferrar & Walker 1964; Goodman 1975; 
Joubert 1976 and Milewski & Campbell 1976); 
(ii) an analysis of the woody component may contribute to 
knowledge of the problem of bush encroachment and 
(iii) the reaction of vegetation structure to factors such as 
fire and grazing or browsing may be investigated. 
As these could all contribute to the environmental and 
wildlife management of the Manyeleti Game Reserve, an ana-
lysis of woody structure was undertaken in addition to a 
Braun-Bianquet classification (Bredenkamp & Theron 1980; 
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Bredenkamp 1982) of the vegetation of the Reserve. 
Approach and Methods 
Classification systems based on physiognomic and structu-
ral characteristics were originally used to distinguish vegeta-
tion units on the formation level, such as forest, savanna, 
grassland, desert etc., in discussions of continental or world 
vegetation (see inter alia Schimper & Von Faber 1935; 
Schmithiisen 1968; Whittaker 1970). More detailed physiogno-
mic/structural systems (e.g. Dansereau 1951, 1958; Wagner 
1957; Fosberg 1967; Kuchler 1967; Mueller-Dombois & Ellen-
berg 1974), as well as the structural systems which have been 
developed for the vegetation of southern Africa (e.g. Tinley 
1969; Campbell et at. 1981; Edwards 1976, 1983) seem to be 
unsuitable for the efficient detailed structural classification 
and description of Bushveld vegetation. This viewpoint is 
shared by Coetzee (1983). The system of Edwards is an ex-
cellent and efficient technique for the broad-scale structural 
classification of vegetation in southern Africa. 
The system of Coetzee (1983), based on the total canopy 
spread cover per height level, may be used for the descrip-
tion of vegetation structure in a particular stand or area. In 
this article a sharp distinction is made between: 
(a) Canopy cover per height class, which is the total percen-
tage projected canopy cover in the sample plot of all 
woody plants whose maximum height is within a cer-
tain height class interval, e.g. the 2 m height class be-
tween 1,5 m and 2,5 m. The vegetation of one or more 
height classes may represent a definite stratum, e.g. the 
tall shrub stratum (2 m tall), but definite strata are not 
always distinguishable, although woody plants may still 
occur in the relevant height classes. 
(b) Canopy spread cover per height level, which is the total 
percentage canopy spread cover in the sample plot of all 
woody plants which contribute to the cover of that height 
level, and therefore includes plants of different height 
classes, e.g. the 2 m height level will include plants of 
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1,5-2,5 m tall as well as taller plants that also have cano-
PY material in the 2 m height level. 
Disadvantages of Coetzee's system, however, include: 
(i) The criterion of 'canopy spread cover per height level' ig-
nores the canopy cover of the woody plants of the diffe-
rent height classes, with the result that, for example, 'a 
dense shrubveld' may be distinguished and described 
while no single shrub need necessarily occur in the par-
ticular vegetation type. This is because the so-called 
shrub layer may have a high canopy spread cover value 
owing to taller plants which also contribute to the canopy 
spread cover of the shrub layer. 
(ii) The lower height level (<0,75 m), which is an important 
ecological factor to many animals and which further-
more may provide much information concerning bush 
encroachment, is ignored; and 
(iii) too many classes may be arbitrarily distinguished. 
In spite of these limitations the system of Coetzee (1983) 
was tested with data from the Manyeleti Game Reserve for 
'canopy cover per height class' (instead of 'canopy spread 
cover per height level'), with the addition of a lower height 
class (0,5 m). This application was partially successful. 
However, the relatively low canopy cover values in 0,5 to 3 m 
height classes, in spite of quite high densities, resulted in an 
under accentuation of these lower height classes in relation 
to the taller height classes. On the other hand, a classifica-
tion based on data for density per height class tends to over 
accentuate the lower height classes (Figure 1). 
From the data it is clear that canopy cover per height class 
decreases sharply, whilst density per height class increases 
sharply from the taller to the lower height classes (Figure 1). 
It seems therefore that the under or over accentuation of par-
ticular height classes can effectively be repressed by combin-
ing canopy cover and density per height class. This combined 
value is an expression of the performance of the woody plants 
of a particular height class. 
Whereas the absolute value units of these two criteria are 
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Figure 1 The relative density, relative canopy cover and performance value of woody plants in the six height classes distinguished in 
the woody vegetation of the Manyeleti Game Reserve. 
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not directly comparable, relative values were calculated as 
follows: 
(i) Relative canopy cover per height class (rcc) per sample 
plot is the relevant cover value expressed as a percentage 
of the highest canopy cover found in all height classes, 
for all sample plots, and 
(ii) relative density per height class (rd) per sample plot is 
the relevant density value expressed as a percentage of 
the highest density found in all height classes, for all 
sample plots. 
The new criterion, performance value per height class (pv) 
per sample plot is the mean of the rcc and rd values: 
rcc + rd pv = 2 
with a theoretical maximum of 100. 
Although the calculation of pv is related to that of Im-
portance Value (IV) of the Wisconsin school the latter crite-
rion was developed for and has been applied to floristic data 
only. Considering that this new criterion is an unknown fac-
tor, it was decided not to use it in an arbitrary classification 
system but rather to classify the pv data by means of an ob-
jective statistically orientated agglomerative Cluster Analy-
sis (Orloci 1967) to establish relatively homogeneous struc-
tural classes. 
The results of the Cluster Analysis are summarized and 
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the relationships between the cluster groups are evaluated by 
means of a Principal Components Analysis of the pv data. 
The classification obtained is furthermore compared with 
the arbitrary systems of Coetzee (1983) and Edwards (1983). 
The structure of the woody vegetation was sampled in 245 
sample plots by means of the Variable Quadrant Plot Method 
of Coetzee & Gertenbach (1977). The following height classes 
(and height levels) were investigated separately: 
<iJ,75 m; 0,75 - 1,5 m; >1,5-2,5 m; >2,5-3,5 m; 
>3,5-5,5 m and >5,5 . 
These height classes were then termed the 0,5 m; 1 m; 2 m; 
3 m, 4- 5 m and >5 m height classes, respectively. The total 
canopy cover per height class and density per height class 
(ind.ha - 1) and the corresponding relative values and perfor-
mance values were calculated for every sample plot. The clas-
sification and ordination of the sample plots were based on 
the performance value (pv) data. 
Results 
A. Interpretation of the Cluster Analysis results 
The results of the Cluster Analysis are summarized in Figure 
2. Eighteen relatively homogeneous structural groups (A- R 
in Figure 2) were synthesized at a similarity value of 980?o. 
Variation of pv data within each group was therefore rela-
tively small compared with the variation between groups. A 
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Figure 2 A dendrogram to illustrate the classification of the 18 structural classes. The average performance value (apv) per height class 
is given for each class. 
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representative synthetic releve for every group, which did not 
differ significantly from the other releves within the group, 
was established by calculating the average performance value 
(apv) for each height class within each of the 18 groups. These 
apv's per height class are given in Figure 2 and the highest 
apv's within each group are emphasized by the blocking of 
these values. 
Each structural group is named in accordance with the 
height class with the highest apv within the group. The fol-
lowing structural vegetation types are distinguishable: 
Highest apv in the height class 
>5 m - Tall Tree Veld (groups 0 P Q R K M and G) 
4 - 5 m - Low Tree Veld (groups Land N) 
3 m - Brush Veld (group J) 
2 m - Tall Shrub Veld (no groups) 
1 m - Low Shrub Veld (groups E F and H) 
0,5 m - Dwarf Shrub Veld (groups A B C and D) 
In group I (Figure 2) the apv's in all height classes are ~I 
which indicates that no or only isolated woody plants are 
present. This group represents Grass Veld (Table 1). 
Table 1 The density classes according to 
the Performance Value Scale 
Performance Value Density class of Veld 
0 - I scattered (Grass Veld) 
> I - 5 sparse 
>5 - 12,5 open 
>12,5 - 25 dense 
>25 - 45 very dense 
> 45 closed 
After inspection and evaluation of the variation of per-
formance values per height class in all the releves represent-
ing each structural group, as well as the apv's per height class 
of each group, the distinguishable structural vegetation types 
were subdivided into density classes. This classification is 
given in Table 1 and is also applied in Figure 2. 
Although the primary criterion for the naming of the struc-
tural groups is the height class with the highest apv within 
the relevant group, physiognomic conspicuousness of the 
taller height classes is also taken into account. Edwards (1983) 
suggested that the dominant height class be the tallest height 
class whose cover is greater than, equal to or not more than 
one cover class less than the cover of any lower height class. 
Group C (Figure 2) is closely related to groups A, B and D 
and may be classified as Dwarf Shrub Veld (the highest apv 
= 19,0 in the 0,5 m height class). The relatively high apv 
of 10,9 of the physiognomic prominent >5 m height class, 
however, suggests that the vegetation represented by group 
C should rather be classified as an open Tall Tree Veld with 
a dense dwarf shrub stratum (compare results of the Prin-
cipal Component Analysis). 
Extremely high apv's in the >5 m height class in groups 
Q and R and in the 0,5 m height class in groups A and B 
(Figure 2) caused these two group combinations, respective-
ly, to be combined with the rest of the groups at a late stage 
(i.e. with relatively low similarity) in the agglomeration proce-
dure of the hierarchical classification. This explains why 
groups 0 and P and groups Q and R, which all represent 
theoretically closely related dense, very dense and closed Tall 
Tree Veld, are not indicated as closely related in the dendro-
gram. Similarly groups A and B and groups C and D, which 
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all represent theoretically closely related closed, very dense 
and dense Dwarf Shrub Veld (see previous remark on group 
C) are not indicated as closely related in the dendrogram. 
The Brush Veld (group J), with the highest apv in the 3 m 
height class, is situated in a central position in the dendro-
gram, with Low and Tall Tree Veld with the highest apv's in 
the 4- 5 m and >5 m height classes, respectively, arranged 
in sequence of increasing density towards the right of the den-
drogram. Apparently there is no clear distinction between Tall 
and Low Tree Veld except in those cases where Tall Tree Veld 
is particularly well developed (groups 0, P, Q and R). Con-
cerning the lower vegetation, the Grass Veld (Group I) with 
only scattered woody plants, is situated in a central position 
in the dendrogram. From here the Low Shrub Veld and Dwarf 
Shrub Veld, with the highest apv's in the 1 m and 0,5 m height 
classes, respectively, are arranged in sequence of increasing 
density towards the left of the dendrogram. 
The results indicate that Tall Shrub Veld (2 m height class) 
does not occur in the study area. 
In Group G (Figure 2) the highest apv (5,7) is in the >5 m 
height class and therefore this group represents an open Tall 
Tree Veld, in spite of its clear relationship with the sparse 
Low Shrub Veld as indicated in the dendrogram. The rela-
tionship of group G with Tree Veld as well as with sparse 
Low Shrub Veld are emphasized by the results of the Prin-
cipal Components Analysis (Figure 3). 
B. Interpretation of the Principal Components 
Analysis results 
Although the Cluster Analysis effectively delimited interpre-
table structural groups, the relationships between groups are 
not always clear, as already indicated (e.g. groups C and G). 
These relationships are summarized by the ordination results 
which are diagrammatically presented in Figure 3. The rela-
tive positions of the structural groups A- R are given in re-
lation to the first and second components of ordination. 
These two components explain, respectively, 47,0260Jo and 
26,441 OJo and together 73,460Jo of the variation in the data. 
This two dimensional summary of the data is considered 
adequate. 
The groups situated to the left of line AI - A2 (Figure 3) 
represent the lower structural veld types, namely Grass Veld, 
Low Shrub Veld and Dwarf Shrub Veld. These groups are 
arranged in sequence of increasing density from bottom to 
top along the Y-axis. The taller types, Brush Veld, Low Tree 
Veld and Tall Tree Veld are placed to the right of AI-A2 
and are arranged in sequence of increasing density from left 
to right along the X-axis (Figure 3). 
Both groups C and G are designated as open (Tall) Tree 
Veld (Figure 3) which confirms the interpretation of the 
Cluster Analysis results. The close relationship of group G 
with groups I and H (owing to the correspondence in apv's 
of the 0,5 m and I m height classes) and of group C with 
group D (owing to the correspondence in apv's of the 0,5 
m height class) are also confirmed by the results of this 
ordination. 
The Brush Veld (group J) is a little isolated, relatively high 
up along the Y-axis, probably owing to the prominence of 
the 3 m height class. 
As in the case of the Cluster Analysis, the Low and Tall 
Tree Veld are not clearly separable into distinct homogeneous 
groups, but they are combined into a single entity and placed 
together in the gradient of increasing density. Field observa-
tions, made after these results were known, indicate that a 
height class interval of 4-7 m for Low Tree Veld and >7 m 
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Figure 3 The position of the 18 structural classes on the X and Y axes of ordination. 
for Tall Tree Veld would possibly be a better and more prac-
tical division between these two height classes. 
The results of the Principal Components Analysis in 
general confirm the classification obtained by the Cluster 
Analysis but also provide an additional contribution to the 
interpretation of uncertain groups (e.g. groups C and G). 
C. Description of the structural veld types of the 
Manyeleti Game Reserve (Figure 4) 
1. Dwarf Shrub Veld (groups A, Band D) 
Dwarf Shrub Veld is characterized by relatively high apv's 
in the 0,5 m height class and relatively low apv's (not exceed-
ing 1,5) in the 2 m- >5 m height classes. Woody plants are 
therefore only scattered or may be absent in the 2 m and taller 
height classes. The vegetation in the 1 m height class mostly 
represents an open low shrub stratum (apv's = 6,2-8,2 
Figure 2). 
According to the apv's of the 0,5 m height class, the Dwarf 
Shrub Veld is subdivided into three distinct density groups: 
Group A -- closed Dwarf Shrub Veld (apv = 53,4) 
Group B -- very dense Dwarf Shrub Veld (apv = 34,2) 
Group D -- dense Dwarf Shrub Veld (apv = 18,9) 
Although releves do exist which could be classified as open 
or sparse Dwarf Shrub Veld, for example in groups F and 
H, respectively, the physiognomic prominence of the taller 
low shrub stratum (1 m height class) suggests that these 
releves should be classified as Low Shrub Veld. 
In the Reserve, very dense and closed Dwarf Shrub Veld 
are mostly restricted to the Themeda triandra-Setaria woodii 
Association (Bredenkamp 1982), whereas dense Dwarf Shrub 
Veld is found mostly in the above mentioned Association as 
well as in the Euclea divinorum-Albizia harveyi Association 
(Bredenkamp 1982). 
In the case of Dwarf Shrub Veld and Low Shrub Veld, 
it seems that where it is less dense competition between the 
individual dwarf shrubs is relatively low, allowing more in-
dividuals to grow into the taller height classes and conse-
quently cause structural differences within a floristically 
homogeneous community. This also explains the phenome-
non that Dwarf Shrub Veld is normally fairly dense whereas 
Low Shrub Veld is often more open. 
2. Low Shrub Veld (groups E, F and H) 
The distinguishing characteristic of Low Shrub Veld is the 
relatively high apv's in the 1 m height class. The apv's of the 
0,5 m height class may also, in some releves, be fairly high 
but as indicated above, the physiognomic prominence of the 
taller 1 m height class contributes to the classification of these 
releves as Low Shrub Veld. The apv's of the 2 m and taller 
height classes are mostly <1 in groups F and H and woody 
plants in these height classes are therefore only scattered. In 
group E, however, woody plants are sparse in these taller 
height classes. 
Low Shrub Veld present in the Reserve is subdivided as 
follows: 
Groups E and F-- open Low Shrub Veld (apv's = 10,9 and 
6,3, respectively) 
Group H -- sparse Low Shrub Veld (apv = 1,5) 
Low Shrub Veld is mostly represented in the Euclea 
divinorum-Aibizia harveyi, the Themeda triandra-Acacia 
gerrardii and the Themeda triandra-Setaria woodii Associa-
tions (Bredenkamp 1982). 
3. Grass Veld (group /) 
Grass Veld is represented by those releves where the apv's of 
all height classes are <0,5 and woody plants are absent or 
sparse within the area. Releves which represent Grass Veld are 
mostly situated in Euclea divinorum-Albizia harveyi Associa-
tions (Bredenkamp 1982). 
4. Brush Veld (Group J) 
In Brush Veld the highest apv's occur in the 3 m height class. 
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Only dense Brush Veld occurs in the Reserve (apv = 14,5). 
The apv's of the other height classes vary between 5 and 12,5 
which implies that the distribution of woody plants in these 
height classes varies from open to scattered. 
Brush Veld is mostly represented in the Cardiospermum 
corindum-Acacia nigrescens, the Themeda triandra-Acacia 
gerrardii and the Perotis patens-Termina/ia sericea Associa-
tions (Bredenkamp 1982). 
Except in the case of the Cardiospermum corindum-Acacia 
nigrescens Association, Brush Veld in the Reserve usually 
represents areas of possible bush encroachment. 
5. Low Tree Veld (groups L and N) 
The apv's of Low Tree Veld are the highest in the 4- 5 m 
height class and are usually fairly low (1,7 -4,4) in the 0,5-3 
m height classes. The tall tree stratum is mostly open with 
apv's of 5,1-8,2 (Figure 2). Low Tree Veld of the Reserve 
is subdivided as follows: 
Group L - open Low Tree Veld (apv = 10,3) 
Group N - very dense Low Tree Veld (apv = 26,4) 
A few releves from group N represent a dense Low Tree 
Veld rather than a very dense Low Tree Veld. This can be 
explained by the fact that the apv of the 4-5 m height class 
of group N (26,4) is very close to the apv of 25 which borders 
dense and very dense veld types. Very dense Low Tree Veld 
represents mostly areas of bush encroachment. 
Open Low Tree Veld is mostly represented in the Perotis 
patens-Terminalia sericea Association (Bredenkamp 1982) 
whereas the very dense (to dense) Low Tree Veld occurs in 
this Association as well as in the Themeda triandra-Acacia 
gerrardii Association (Bredenkamp 1982). 
6. Tall Tree Veld (groups c; G, K, M, 0, P, Q and R) 
The distinguishing characteristic of Tall Tree Veld is that the 
highest apv's are found in the >5 m height class. A single 
exception is group C, which is, as already mentioned, classi-
fied as Tall Tree Veld owing to the physiognomic prominence 
of the plants in the >5 m height class. The apv's of the 1 - 3 m 
height classes are mostly (with the exception of the closed 
Tall Tree Veld; groups Q and R) between 0,7 and 4,9 (Figure 
2). Woody plants in these height classes are therefore only 
sparse or scattered. Woody plants in the 4 - 5 m height class 
have a mostly sparse or open distribution pattern. 
Although the apv's of the >5 m height class gradually in-
crease in groups G (5,7), K (8,0), C (10,9) and M (12,2), all 
these groups represent an open Tall Tree Veld. The woody 
vegetation represented by group K is generally, and especially 
in the 0,5 m height class, denser than that of group G. Group 
C is distinguished by the high apv (19,0) in the 0,5 m height 
class and group M is characterized by the high apv (11,5) in 
the 4 - 5 m height class. 
The Tall Tree Veld represented in the Reserve is sub-divided 
as follows: 
Group G - open Tall Tree Veld (apv = 5,7) with a sparse 
dwarf shrub stratum (apv of 0,5 m height class = 1,2). 
Group K - open Tall Tree Veld (apv = 8,0) with an open 
dwarf shrub stratum (apv of 0,5 m height class = 5,1). 
Group C-open Tall Tree Veld (apv = 10,9) with a dense 
dwarf shrub stratum (apv of 0,5 m height class = 19,0). 
Group M - open Tall Tree Veld (apv = 12,2) with an open 
low tree stratum (apv of the 4- 5 m height class = 11,5) 
(as opposed to the sparse low tree strata of groups G, K 
and C). 
Group 0 - dense Tall Tree Veld (apv = 20,3) 
Group P - very dense Tall Tree Veld (apv = 33,4) 
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Group Q - closed Tall Tree Veld (apv = 52,0) with a sparse 
to open low tree stratum (apv of 4-5 m height class = 
5,9). 
Group R - closed Tall Tree Veld (apv = 50,8) with a dense to 
very dense low tree stratum (apv of 4-5 m height class = 
26,2). 
D. A comparison between the Performance Value 
Structural System and the Systems of Edwards 
(1983) and Coetzee (1983) 
1. Comparison of the height class categories 
The height class categories of the three systems are compared 
in Table 2. In the Performance Value System six height classes 
are distinguishable. Edwards (1982) uses eight height classes 
but provision is made for the overlapping of trees and shrubs. 
Coetzee (1983) distinguishes three height levels but ignores 
the dwarf shrubs (0,5 m). 
In the Performance Value System there are: 
(i) The dwarf, low and tall shrub height classes (0,5 m, 1 m 
and 2 m) which are similar to the low, short and tall 
shrub classes of Edwards, respectively. 
(ii) The low and tall shrub height classes (I m and 2 m) 
which are approximately similar to the shrub height level 
of Coetzee. 
(iii) The brush and low tree height classes (3m and 4-5 m) 
which are approximately similar to the brush height level 
of Coetzee and the high shrub or low tree height classes 
of Edwards. 
(iv) The tall tree height class (>5 m) which is similar to the 
tree height level of Coetzee. Edwards distinguishes be-
tween short, tall and high trees in taller height classes. 
Table 2 A comparison of the height class categories 
between the Performance Value System and the sys-
tems of Edwards (1983) and Coetzee (1983) 
Height Performance Coetzee 
class/ level (m) Value System Edwards System System 
>20 High Tree 
10- 20 Tall Tree Tall Tree Tree 
5- 10 Short Tree 
4 - 5 Low Tree High Low 
3 Brush Shrub Tree Brush 
2 Tall Shrub Tall Shrub 
I Low Shrub Short Shrub Shrub 
0,5 Dwarf Shrub Low Shrub -
2. Comparison of the density categories 
An interpretation of this comparison is difficult because three 
different sets of criteria are being applied by the three different 
methods. 
The percentage canopy cover (Edwards 1983) and the per-
centage canopy spread cover (Coetzee 1983) of the upper 
height class/ level (>5 m) are directly comparable if maximum 
cover occurs in this class/level. However, if individuals taller 
than 5 m have their maximum canopy spread at below 5 m, 
Edwards would assign this spread to the >5 m class, whereas 
Coetzee would assign the same spread to a lower than 5 m 
level. In this case the >5 m height class level would be rela-
tively denser according to the Edwards system and relatively 
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more open according to the system of Coetzee. Comparison 
is not applicable to the lower height class/level categories 
owing to the possible contribution of tall plants to the canopy 
spread cover of the lower height levels in the system of Coet-
zee. Performance Values per height class are not comparable 
with either percentage canopy cover or percentage canopy 
spread cover because relative canopy cover and relative den-
sity are combined in the calculation of Performance Value. 
Although the theoretical maximum of Performance Value is 
100, the maximum obtained in the present study is only 53,9. 
This relatively low value is explained by the fact that the per-
centage canopy cover decreases and density increases sharply 
from the taller to the lower height classes (Figure 1) and 
relative values for cover and density are calculated as per-
centages of the maximum cover and density respectively, ob-
tained from all height classes. This is exactly why performance 
Value was established as a criterion - to counteract the con-
trasting distribution of canopy cover and density values in 
the various height classes. 
In spite of the restrictions on the comparability of the den-
sity categories of the three systems, a comparison is given 
in Table 3. Tree Veld is used as an example. From Table 3 
the following points may be emphasized: 
(i) Performance Values of ~I in all height classes charac-
terize Grass Veld with only scattered woody plants. The 
Grass Veld of both Edwards and Coetzee have an ex-
tremely low canopy cover/canopy spread cover of only 
0,1 o/o for woody plants. Open and sparse woodland and 
scattered Trees of Edwards and sparse (partially) and 
scattered Tree Veld of Coetzee are included into the Grass 
Veld of the Performance Value System. 
(ii) Sparse Tree Veld of the Performance Value System cor-
responds partly with open Woodland of Edwards and 
partially includes moderate Tree Veld and sparse Tree 
Veld of Coetzee. 
(iii) Open Tree Veld of the Performance Value System cor-
responds with the semi-open woodland of Edwards and 
the dense Tree Veld of Coetzee. 
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(iv) Dense Tree Veld of the Performance Value System cor-
responds with sparse bush of Coetzee and the moderately 
closed woodland of Edwards. 
(v) Very Dense Tree Veld of the Performance Value System 
includes the moderate bush and part of the dense bush 
of Coetzee, and the sub-continuous woodland and part 
of the continuous woodland ( = Forest) of Edwards. 
(vi) Closed Tree Veld of the Performance Value System cor-
responds approximately with the Forest of Edwards and 
the dense bush of Coetzee. 
In spite of the restrictions of this comparison, the results 
seem to indicate that surprisingly similar density categories 
(although differently named) are distinguishable by the three 
classification systems. 
E. Possible application of Performance Value as a 
criterion for the analysis of woody vegetation 
structure 
The structural analysis, by means of inter alia the Perfor-
mance Value Structural System, of the individual Braun-
Blanquet plant communities of the Manyeleti Game Reserve 
is given in a separate report (Bredenkamp 1982). Performance 
Value creates the possibility of (a) an intensive analysis and 
accurate description of the structure of woody vegetation and 
(b) the comparison of the performance of the vegetation of 
the different height classes within and between sample plots. 
It should be emphasized that because cover and density 
vary with height class (Figure 1), different height classes can 
not be compared using these criteria. However, Performance 
Value exploits the inverse relationship between cover and den-
sity in such a way that it lends itself to the comparison of 
vegetation performance between different height classes. 
A point of criticism which may be raised against the Per-
formance Value System is that for a particular height class 
similar performance values may be obtained from two diffe-
rent data sets, e.g. either a high relative canopy cover and 
low relative density or a low relative canopy cover and a high 
relative density. Although this is possible, it seems that the 
Table 3 A comparison of the density categories for Tree Veld between the Performance Value 
System and the systems of Edwards (1983) and Coetzee (1983) 
Density class 
Canopy cover/ 
Canopy spread Performance Performance Edwards Coetzee 
cover (o/o) Value Value System System System 
100 Closed Tree Veld Continuous 90 45 + Woodland Dense Bush 
75 Very dense (Forest) 
70 Tree veld Closed Sub-continuous Moderate Bush 60 Woodland Woodland 
50 25 Moderately 40 Dense Tree 
Veld closed Sparse Bush 30 Woodland 25 12,5 
20 Open Tree Semi-open Dense Tree Veld 
10 5 Veld Woodland Moderate Tree Veld 
5 Sparse Tree 
2 I Veld Open Woodland Sparse Tree Veld 
I 
Scattered trees Sparse Woodland Scattered Tree 
0,1 ( = Grass veld) 
Scattered Trees -
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relationship between canopy cover and density per height class 
is fairly constant within a particular vegetation type (Figure I). 
Furthermore, absolute as well as relative values of both 
density and canopy cover for each height class in every sample 
plot are available, to elaborate the structural descriptions. 
Owing to the enforced use of relative values to bring 
canopy cover and density to a similar or comparable scale, 
it is clear that results of studies in different areas may not 
be comparable. Results may however be comparable within a 
specific vegetational region, e.g. the Arid Lowveld (Acocks 
1975) or even the entire Bushveld, if a definite maximum den-
sity (ind.ha -I) and maximum canopy cover (07o), from which 
the corresponding relative values are calculated, can be es-
tablished for the relevant region. The maximum of 10 000 
ind.ha- 1 (in the 0,5 m height class in closed Dwarf Shrub 
Veld) and 100% canopy cover (in the >5 m height class in 
closed Tall Tree Veld), as established in the Manyeleti Game 
Reserve, resulted in Performance Values which gave, by using 
a 
c 
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the objective Cluster Analysis, a classification which com-
pares favourably with both the systems of Edwards and Coet-
zee. These maxima, therefore, seem to be representative for 
Bushveld vegetation or at least for the Arid Lowveld of 
Acocks (1975). 
It is suggested that the system of Edwards be used for 
general structural classification of vegetation in southern 
Africa whereas the system of Coetzee and the Performance 
Value system be seen as special purpose systems. 
Acknowledgements 
A substantial part of this research was done by the first 
author while employed by the University of the North. 
The committee for developmental research of the Depart-
ment of Co-operation and Development and the University 
of the North are thanked for financial support. 
Dr D. Edwards of the Potchefstroom University for Chris-
tian Higher Education is thanked for his valuable comments. 
b 
d 
Figure 4 Examples of the distinguishable structural veld types: (a) Very dense Dwarf Shrub Veld; (b) open Low Shrub Veld; (c) sparse 
Low Shrub Veld; (d) Grass Veld; (e) Brush Veld; (f) very dense Low Tree Veld. 
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Figure 4 Continued (g) open to dense Low Tree Veld; (h) open Low Tree Veld; (i) closed Tall Tree Veld; U) very dense Tall Tree Veld; 
(k) dense Tall Tree Veld; (!) open Tall Tree Veld. 
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